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DETAILED METROLOGY OF THE PLATE No. 3 : A PWR NOZZLE

1. Introduction

In 1984, the Managing Board of the PISC II programme decided that the
very important and expensive specimen of the round robin test : the
plate No. 3, a scale 1:1 PWR nozzle (fig. 1), would not_be destructi-
vely examined in order not to destroy it. But the knowledge of the
exact location of the defects within the welded and heat ‘affected zones
of this rather complex geometry was an indispensable necessity. Thus
precise measurements of the wall thickness and of the profiles of the
plate were decided in these interesting zones.

In 1985, a special mechanical device was designed at the JRC-NDE la-
boratories and permitted to give the first desired measurements (see §
2).

As the Managing Board decided at the end of 1985 to reutilize this
plate No. 3 in the frame of the PISC III programme for new ultrasonic
tests asked by several teams and also for insertion in a PWR ring (full
scale vessel tests), the JRC-NDE laboratories decided at the beginning
of 1986 to complete the metrology of this plate No. 3, using the
photogrammetric method (see § 3).

2. Measurements performed at the JRC-Ispra (Ref. 1)

2.1. Measuring device -

In order to have rapidly the first measurements, a special device has
been developed in 1985 in the NDE Laboratories at Ispra (see figs. 1
and 2). ‘

The device consisted .of two measuring arms (A) and (B) which were fixed
in a vertical and diametral plane on a bearing support on the upperhead
of the nozzle opening (C : reference surface). The arms could be moved
around the axis of the nozzle over the whole range of 360 .

At the extremity of the measuring arms were fixed the measuring heads
(D) which displaced the measuring sensors (E), which. were inductive
displacement transducers. The measuring heads could be displaced at
different radial positions from the axis of the nozzle by distance
holders (F).

The weights of the measuring arms and heads were balanced by counter-
weights (G), allowing also to optimize the measuring pressure between
the test-heads and the contact surfaces.
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2.2. Results
- The reference system was the following :

a. a reference plane : the upper machined surface of the nozzle,

b. an axis : the axis of the nozzle,

c. a zero angle : the zero angle taken as reference for the PISC
results.

- The indications of the measuring heads Z_ and Z were registered all
over the circumference for different diam %ers around the weld centre
line (WCL) diameter :

WCL diameter : 1530 mm

WCL diameter - 2x50mm : 1430 mm

WCL diameter + 2x50mm : 1630 mm

WCL diameter + 2x70 mm : 1670 mm

- The thickness DZ in coaxial direction with the axis of the nozzle was
obtained by registration of the difference Z.-Z_ while Z. gave the -
e . . A CE C
indication of the cladding position.

- Four repeated measurements at the diameter : +1670 mm gave an indi-
cat@on of the precision of the ZC measurements which has been found to
be in the order of.i 2 mm.

- The results of the measurements are shown in figures 3, 4, 5, 6 and
in Tables 1, 2, 3 and 4 after correction of errors-due to the regis-
tration itself. . 4
Fig. 7 reports some important reference values for the PISC results in
the plate No. 3. These corrected values give the clad-position as a
function of the angular position and of the position with regard to the
weld centre line.

3. Detailed metrology performed by SETP, using stereophotogrammetry
(Ref. 2).

These measurements have been performed in 1986 under JRC contract by
SETP/Société d'Etudes et de Travaux Photogrammétriques, France).
The aim of this contract was to define the geometry of the plate No. 3:

a. in two orthogonal complete sections : 45°/225° and 1350/315°§ o
b. for the welded and heat affected zones, in 72 sections (every 5°).

The reference system has been the same as defined in § 2.




3.1. The stereo-photogrammetric method

The measurements have been taken with metric cameras (UHK 100). Fig. 8
gives a schematic view of the method :

a. the pair of cameras Nr. 1 permitted to locate each target in the
reference system; :

b. the pair of cameras Nr. 2 were connected to the same reference sys-
tem by some pivoting targets;

c. other near pairs of cameras were connected to the reference system
by several targets placed on the piece itself in order to take ea-
sily the coordinates corresponding to radial sections of the pieces
(see fig. 8 bis and ter).

Figs. 9, 10 and 11 illustrate the preparation of the nozzle for these
measurements.

3.2. Results

- The restitution of the data on the photogrammes was perfofmed using
an analytical stereoplotter TRASTER MATRA and the 2 external and inter-
nal profiles were assembled section by section.

- Each profile of the plate was constructed point by point (interdis-
tance : 5 mm) and each of the 72 sections profiles of the piece was
drawn by best fitting of the curves.

- Measurements of the clad position and of the plate‘thickness (paral-
lel to the axis of the nozzle) have been made graphically and reported
for 72 sections and for the following diameters :

WCL diameter : 1530 mm

WCL diameter - 2x50mm : 1430mm
WCL diameter + 2x50mm : 1630mm
WCL diameter + 2x70mm : 1670mm

These measurements are given in Tables 5, 6, 7 and 8.

- Repeated measurements gave an indication on the precision of the Z
measurements which has been found by SETP to be in the order of
+ 0,4 mm (?).,

C
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- In Fig. 12 - . some important reference values are reported for
the plate No. 3; these SETP values have to be compared with those
obtained by the JRC and reported in the table of fig. 7.

- I1 is necessary to note also that :

a. a misalignment of 00,16 was found between the 0° angle direction and
the fabrication reference point on the piece;

b. the measurement of the surface position at this reference point is
different when we compare :

a. the fabrication data Zop = 1168 mm
, b. the first general metrology data Z = 1173 mm
: "~ (Beltramelli) (written on the plateg
? c. the photogrammetric data ZRP = 1170,5 mm
This last data is the most
acceptable.

4. Comparison of the two methods of measurements

a. We have tried to compare the results obtained at the JRC Ispra with
a special mechanical device and those obtained by SETP with the
sterophotogrammetric technique. The graphs on Figs. 13, 14, 15 and
16 give the variation of the clad position and of the thickness for
the 4 selected diameters around the WCL diameter, corresponding
respectively to JRC and SETP measurements.

b. It is very difficult to have any precise conclusion on the most
valid technique. However, more reliability has to be given a priori
to the stereophotogrammetric technique; this is due to the fact
that, in any mechanical device, there are not only some errors of
fabrication but also in this case, some errors of fr1ct1on between
the inductive sensors and the surfaces of the p1ece

5. References
1. Measurement device for the determination of the assymetric weld

thickness of a PWR nozzle in the welding zone. Technical note 330/85
Non Destructive Testing Laboratories, JRC Ispra, June 6, 1985.

2. Métrologie détaillée de la piéce PISC No. 3 par la méthode photogram-
métrique. Rapport final No. Ch 86007 du contrat de prestation de
services No. 2908-86-02 ISPF entre le Centre Commun de Recherche
d'Ispra et la firme SETP (Société d'Etudes et de Travaux Photogram-
métriques, Salon de Provence), 2 Juin 1986.




NOZZLE PLATE N°3 AND MEASUREMENT DEVICE
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Z clad
Z clad

Z clad VALUES .(mgn)

TweL [wed WCL
YN\\|+70] »50 WCL| -5

1N Imof1 s

A
(45°)

B 1115 m35(1114 125
(2259

C ]12845/1276 [1252 | 1238
{1359

D {1293 |1285 1263512395
{3159)

~2620 mm

Fig. 7 : Some reference values measured at JRC-Ispra on plate No. 3

Z clad position as a function of the angular position and
of the position with regard to the weld centre line.
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. 11 : Other view of the plate No. 3
prepared for the stereophoto-
grammetric examination.




Z clad
Z clad

Z clad VALUES (mm)

weLlwer weL
270 | +50 WCL | - 50

A 11110 | 1110|1110 {1110
(45°)

Yo

B |Im45|1114 [1112 1110

9y

C 1296 1287 |12655(12435
(1359

D ]1305(129% 1269,112&4,5
{315°)

Fig. 12 : Some reference SEPT values on plate No. 3

Z clad position as a function of the angular position and of
the position with regard to the weld centre line.
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PLATE 3

Z MEASUREMENT

TABLE1 :JRC MEASUREMENTS OF CLAD POSITION AND THICKNESS AT DIAMETER 1670 mm

DIAMETER : 1670 mm(WELD CENTRE LINE DIAMETER + 2x70 mm)
Y [“rosmon | mickness | Y | “rosmon | maceness
tor (mm) (mm) (o) (mm) (mm)
0 7270 2745 I 190 | /773 268 |
10 | 7724 zés5s | 200 | fras 2455
20 7146 269,5 | 210 7727 2¢0
30 7725 256 5 | 220 7776 258
0 | 7772 254, 5 [ 230 | srrg 257
S0 //)0 253 8§ I 240 7720 2535
60 7774 244, 5 I 250 VL T4 257 s
70 /,.;3 253 I 260 776 2 ‘243
80 7760 258, § I 270 | 99 26 9
30 7789 2é4 s I 200 | sz234 2755
100 /zz? 270 — l 230 /2éo0 282, 5 |
"o 7249 277 s 300 | sfop7 285,5

120 7220 287, 5 310 72397 28-7A
130 /283 25¢ 320 | s29s . 2885
140 286 285 s 30 | s299 z27
90 | 7280 | zams | %0 | sree | zacs
160 /259 283 h 350 Io#y 2875
im0 | /2325 2&0 I |
180 7203 273 5 l




DIAMETER :

PLATE 3

Z - MEASUREMENT

e — et v o
*

1630 mm (WELD CENTRE LINE DIAMETER + 2x50mm)

= “51 RS
{oF (m.m) (mm) (o) (mm) (mm) °
-0 | 99 [ 90 | s | zens
10 | 147 [2"0 Y 259
20| gy | 210 | grpq 255

0 | 72/ 2548 l 220 | /774 | 252
40 7777 257 I 2830 | A3 2525
S0 7709 25/ l 240 7722 253
60 7776 2472 s I 250 | A#3 256
70 7735 252 I 260 1769 242
© | s 2525 l 270 | /799 2685
30 7789 2635 I 280 7229 274

100 7278 2675 | 20 | y255 2239, 5
m | goas 2245 H 300 | gz2s zaés
120 /265 278 310 72 S 2?4, s |
130 275 287 320 728¢ 284 5
140 7227 282 B | s2zs | 2s6
50 | szex | 283 | %0 | gz57 | 2sr
160 1249 2728 i 350 7229 27é
170 7224 ) 223 I s |

!180 //.94 z;g 5 I

| TABLE 2 :JRC MEASUREMENTS OF CLAD POSITSON AND THlCKNESS AT DIAMETER 1G'§0 mm




PLATE 3 Z MEASUREMENT

DIAMETER .. 1530 mm(WELD CENTRE LINE DIAMETER)

Y.‘ CL:gs;?oRsACE mré':tzgss I L CL:gs?g?J:ACE ’mTcL:J :ss-
tor (mm) {mm) } (0) (mm) (mm) -
0 . //é{ 2855 490, | #7&7 286 |
0 | 750 | 288 | | sr39 | zsss
20 7738 2845 210 }/z 3 284, 5
30 4720 2875 220 | A5 2805

40 7772 285 230 7773 280
0 | 7770 2825 200 | fr27 2845
60 7778 282,s 250 7739 2&é
70 7733 279 | 280 | A757 286, 5
80 1755 287 270 1788 287
30 1787 2845 280 | 7273 284
100 1206 283,5 | 20 237 2835
no | 4229 2435 100 | f255 293
120 1242 2835 310 7263 25/..5
130 | 25z 282 320 F2&& 282,¢
140 7258 284 330 /255 282 5
150 T " sz257 284 w0 | 23 | zais
160 /233 | zmz 350 S2/5 286,5
170 722/ 2825 i
| e 17786 282 I |
«;;é!:e; ;—.IRC M»E:ASUREM»E'@TS OF (;LAb I?OSIT!ON AND THICKNESS ‘A-TPIAMETER 1530 mm




o e e

PLATE 3 . Z " MEASUREMENT

DIAMETER: 1430 mm (WELD CENTRE LINE DIAMETER - 2x50 mm)
y |cLaDsurFace | PLate I y |ctaosureace]  pLate

. POSITION THICKNESS : POSITION ‘THICKNESS
(o) (mm) (mm) (0) (mm) (m m)

0 1722 Jo2, 5 130 7754 goz |

10 1754 200 | 7735 304

20 1734 3055 | 210 7727 3os

30 7721 308 S l 220 7773 3065
40 7772 Jog I 230 7772 3os.s
50 ﬁ-ﬂ Jo& [ 21.0' 7778 , 345::.
60 7773 JozZ's I 250 /732 ' 3075
70 mo 3055 I 260 7757 305
80 | 7749 307 I 20 | 7725 307
30 7772 Jos. s I 280 //,;,g 305
—-100 //54 I 290 | gos7 zgg;:
10 1213 2935 I 300 | 7233 297
120 7228 288 ' 310 7239 2?3, 5
130 7232 2875 320 72#0 280, §
140 7239 279.s 330 7235 2825
50 | gzzs | zar5 | a0 J29 2895
160 7278 283.5 | 30 | sr99 296, 5
m | 7798 293 I -
180 //7; 296.5 |

TABLE 4 :JRC MEASUREMENTS OF CLAD POSITION ANO THICKNESS AT DIAMETER 1430 mm




ALATE 3 < /_fiﬂ.s'(/x’iﬂs/r;

QIPMETER : A6 70mm [(WELD CENTRE LINE DIAMETER + 25 70mm )

Y |e410 svarace PLATE |
fo . PO SITION TAICK VE S, s ‘y : “:ﬁtf;‘fg ACE PRATE
o) 1 fmm) e ) () g ~ THICK MESS
272 2 — L
p o £6P S5 77, (2065 267
—= %% 185 £/90.5
w0 | 11785 T Zid {2 et
45 7763, & L0 172 262
_20 1148, 5 z¢0 20 A 267 @
25 73 2 1748 £ 260
¢ 254 205 713
30 - 4128 e ' é 252 5
o poP 27 220 . 1126,5 2572 5
—= 256 2/5 71 l
£0 1772 255, 5 27 2557
45 41095 ' £22 77745 25%,S
: 2552 225 177
50 1= 4095 2L 2562
L 285 230 1775 ,
55 4779 2545 257
o v g 25‘, 1 235 77785 256,85
2
pp Y — . 40 7724 258
— T, v = 5 7732, 5 259
8o /164 5 ' 252 175¢ 26/
2¢2 5 - 7Y 77 ry
8s 41798 2415 ZZ 263 %
70 vy 3 265 171835 2655
, Z2¢55 270 42
95 1210,5 262 o4 267
00 7228 2320 ) 222 18242 279
795 1242, 5 272 ‘,2@ /237 272 S
oo pry 285 7252, 8 2785
234 2 Yo J/2éée
475 1269 278
—= 2755 295 72795 ;
120 1273 Z3, £75.5
2765 300 7269
25 | 12835 228 — £24.2
730 12 93,5 279 202 {2?25 274
e | 2905 = 310 1302 278
qa0 | . 12955 ‘220'5 215 73955 C 280
/25 v Rlxh 329 7302 S 228,S
2785  |325 12995 ~
/50 | 12865 Py 4 2729.5
/55 /252 5 Py 2320 /295 . 27295
460 1265 295 72842 2%78
. 274 340 72 % -
5 | 12825 2725 1 y £I7
7 7345 , 345 7273 2%65
: = 2%g9 S 350 72
= E—— = £ 2z2
£<. , 355 7259 273 5

~ . TABLE, 5:SETF \
P MEASUREMENTS OF CLAD POSITION AND THICKNESS AT DIAMETER 1670 mm




)//9/‘/5#.?  AE30 mm /MQ‘.D CEN TR

ALATE 3 z 7?2'/3:“45,{,52:

LINE DIRMIETER # 2 x5 Omm.)

E

,V CEHAO SURFAcE H PLATE . ‘y T ccoo svern c£ PATE
. PoOSITION THICK VES S .- roSITION THICK VESS
{"2 ] . (mm) Cmm) . (o) mm) ) /m
J 7202 5 267" 37 1202 5 2665
5 1782 264 785 7785 2635
f0_| 417255 262 o 27 1122 2é/
45 | 11675 Z2ez | /95 17585 260
_20 17465 259 200 1747 260
25 7734, 5 257 205 1135 257
30 - 7125 2565 270 1126 . 257
_35 7777 255 2/5 _7178,5 255
40 1711,5 255 220 47135 2545
45 - 7110 254 225 177/ 255§
S0 _|= 11095 254 5 230 41115 25¢
S5 777% 2ss 235 771% 256
80 77745 25S 240 7722 5 2575
és 77255 256 245 7734 258
70 7736, 5 258 250 1142 § 2595
725 1148 259 1255 /754 260
8o 1162 261,5 260 77685 2475
8s 71 76,5 2625 265 1783.5 _2é4. S
90 _ 11915 2445 27 7799 266
95 /2045 2655 2725 1215 264, &
oo 71222 268 5 280 7234 2%0
705 12385 2695 285 7248,5 222, %
470 1249 2322 2% /2585 274
/75 12é0 273 295 7227 2765
120 7270,%5 274.5 300 1280 276
725 12729 27s5,5. | 305 H285 2725
730 7284.5 278 3/0 7292, & 2RR
/35 1287 2325 375 /295 228
{40 4286 5 274, % 320 /293 272
/45 7283 227 325 72 90,5 222
750 12737 2726 230 12855 278
455 1269 274 335 1276,%5 237&
160 7125% 5 272 340 7265, 5 2%§
765 /24¢ 27715 ] 325 /2é5s 275
470 42315 268 350 7238 & 2727
175 1217 2665 355 | s262 zzz

TABLE 6: SETP MEASUREMENTS OF CLAD POSITION AND THICKNESS AT DIAMET ER 1630 mm




DIAMETER = /530 mm [WELD CENTRE L/IWE DIAME TER)

 ALATE 3 2 ﬂ!ﬁ:aa?s}*fiz;

,V (44& SURFAcE PLATE 7 _y T CeRD SoRFAcE PAA *E
o 3 :'_:/na,v rw;’-:::f ss ro) P;:’:’) o~ Tﬂlf"x:ls's
9 2793 228, 7Y 17915 2726,5
5 11239 279 785 1/745 277
40 1166 287 790 1165 2775
45 | = 1752,s 278 /95 1753 278
20 77475 287 200 /1425 227 S
28 4737 2755 205 /41315 275 -
30 || /122 275 210 172 4 2265
_ 35 1778 2765 2/5 1778 2755
40 7777,5 2765 220 47735 273,85
45 - 7770 276 22 5 7772 2725
50 1= A7045  |. 2325 230 7773 2735
£5 4773 277 235 7775 274 5
éo 7778 2y7s,5 240 7779, 5 275
és /124 2735 245 7722 2355
70 7733 2735 250 7736, 5 Z2%RS5
75 1143, 5 2%3,5 255 1148 S 278
8o 7155,5 2755 260 7759 228
85 _ 1764,5 275 265 /! %4 277
" §o 118/ % 277 270 S7EF Ve L4
95 7945 27275 225 1200, 5 228
~00 7208 277 8 _280 12/ - 232
705 f2/15 2765 285 7228 _ 273
470 42345 2775 290 f239 26,5
475 724/ 227 | 295 j24855 2745
120 7125/ 2765 300 7258 2765
25 /257, 5 z 76 305 | /2645 227
730 1263 278 3/0 712685 2765
a5 | 72655 2295 375 12695 _2zz
/40 1265 . 280 320 12£%.5. 27225
/45 1262 278 325 1267 27¢
750 1252 2225 | 330 7262 2765
455 7249,5 227 335 72535 27%
460 /234,5 2% 340 . 724235 276
/65 1229 276,5 | ze5 1243 276
470 | 42/6 5 276 350 72/8 5 278 5
175 1204 276 355 7237 277 ]

s




i

AUATE 3 =~ 2  MNEASUREME

————eenee e e LT L2 T

DIRMETER : SE30 mm (WELD CENIRE LINE DIAMETER = B $émm ) '

. . .
. TABLE 8 : SETP MEASUREMENTS OF CLAD POSITION AND THICKNESS AT DIAMETER 1430 m

Cehd SyRFAcE F PLATE -y ChRD SuRFACE H ATE
. PosITION THICKVES S - rosI TION THICKVESS
(o (mm) Cmm) (o)' mm) vy 1
7787 203 . 182 7187 306
5 i 1169, 5 S09 785 7769 306
40 1758,5 2/0,5 790 77548 304 5
45 1142 S 345 /95 7147 5 308
_20 /132 5 08 200 _ 4738 3085
25 4129 3095 205 | 4728 3076 -
30 1722 3/0,5 270 11215 209
35 4776 309 2/5 1174 309
40 1715 3775 | 220 1772 309,
45 - ' 1110 344, 5 225 1770 30%5
_ S0 = 4110 3085 230 1777 308
£5 4773 3085 235 7772 0725
o 7777 208 249 77765 30485
£5 7723 705 245 77235 370
70 7130 398 250 773.0,5 209
75 . 47139 3075 | 255 773.9 3035
8o 77485 340,5 260 77485 3% 5
&8s 77595 3045 265 7767 308
90 17727, 5 307 290 /773,85 309
95 7783 304, 5 2725 17/85 3065
400 _ 4795,5 3045 | 280 179 % 3es
705 205 30/, 5 285 1206,5 305
470 1275 3075 2% 72/8 303
475 1224 2985 295 22z 5 307/
120 72315 2925 300 7235 298
125 . [237 2945 305 7240 29y
730 1241 298 310 7243 s 294, 5
/35 243, 5 295 375 1245 2935 |.
{20 _ 7244 295 329 244 2925 |
{45 1241 2945 325 - 1292 292
750 /23R 2535 330 237 295
455 7237 2965 1335 |  r23/%5 297
460 1222 296, & 340 7223 3eo,5
/65 72/3,5 300 3¢5 | 7223 2225
170 4203, 302,85 350 s204% 3035
175 /792 204 355 1274 3025 ]







